Abstract
Introduction

12
Human stem cells have proven very difficult to expand in culture because of the absolute need 13 for adherent culture conditions. Since it is the stem cells themselves that form the basis of the method often resulted in a high degree of cell death and loss of multipotency 3 .
21
To solve this problem, two-phase liquid/liquid systems, or more specifically the interface 22 between two immiscible liquids, have previously been used to culture mammalian cells and the 23 system where perfluorocarbon was dispersed in cell medium, was particularly popular as shown centrifugation or aspirating at the interface) and more efficient than harvesting from solid 10 surfaces. However, a key limitation of all these studies is that only the biological aspects of the scaling-up of perfluorocarbon/cell culture two-phase systems so they can be used in large,
14
commercial manufacturing systems for cell-based therapeutic applications.
15
Scale-up of the systems to form a flat interface (i.e. an interface between two stationary liquids) 
21
Experiments were carried out in the rig schematically shown in Fig. 1 with a plugin developed for this work. The vessel was filled with 950 ml of continuous phase that was supplemented DMEM, D-PBS 8 or double distilled water (used here as reference), and in all cases 50 ml of FC-40 was added.
9
The minimum speed necessary to completely disperse FC-40 in the whole volume of the vessel 
15
Density, viscosity and surface tension of FC-40 after 3 days in culture in a spinner flask at 37°C
16
were also measured after cells were harvested from the interface (for details see Hanga et al. 18 ).
17
Part of the FC-40 was sterilised by filtration through a 0.2 µm filter at room temperature and as the interfacial tension when fresh, whereas after filtration, the interfacial tension was reduced be correlated with the We number or with the specific energy dissipation rate, ̅ :
Under these conditions, the theoretical values of exponent  and  are -0.6 and -0. By plotting the d3,2 normalised with the impeller diameter as a function of the We number, the 6 data for FC-40 dispersions can be practically collapsed into one line as shown in Fig. 4b .
7
The effect of temperature on the mean drop size is also shown in Fig. 4 coalescence under dynamic conditions was completely suppressed, but this might also be due 5 to a very short contact time after the collision between two drops during which the film 6 separating them cannot reach the critical thickness required for inducing coalescence. should not be affected. As already mentioned, the expansion of stem cells in stirred bioreactors can be a very long 4 process often lasting for up to six days or more 34 and during this time, it might be necessary to 5 stop the stirring to replace the DMEM to add fresh nutrients. It might also be necessary to 6 restart at different speeds to alter the mass transfer rate for specific purposes. Also, though the 7 dispersion was exceptionally stable due to the presence of proteins on the drop surfaces, when 8 agitating, there is still the possibility of the coalescence of drops when they are stationary. where S is a dimensionless parameter dependent on the precise geometry of the vessel and dp 15 is the size of the particle to be suspended At the impeller speed used in this work after 
A, B -coefficient in Equation 1
19 dp -particle diameter, m 
